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(54) Strip casting apparatus 

(57) Twn rcll caster for continuously casting metal 
s:r.c. cc ■■•■i-.* s9s a pair or p-v.-ile! casting rolls (16) 1c 
wr.:ch r- ■.:•>.! metal is sue oiie j ; .-rough a del* very nozzio 
( 1 9} The f-;iis are mounted cn roll carriers (104) move- 
able on a fr-me (102) to allow rolls (16) to move toward 



and away from one another. Biasing units (110, 111) al- 
low inward biasing tore es to be acphed to the r: t j earners 
(1 0-) so as tc bias one :r e roils ( 1 04) vtw.ikI the ether 
The biasing units (110) incorporate biasing springs and 
means to adjust the thrust exerted by the snnngs 
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. Description 

3ACKGRGJND Of THE Q\ 



[0C01] ~ms r-.e-- re tn -re cast c me'n 

[0002] :.n a ".v.:': :p ' caster m _ ton s : :':g.cc: 

oetween a pair cf ccrtra-rotated her /cries castmc fo a 
a: cr are cccioc so "^t metai jr 9 s sund * cr tne mov- 
roll sjracos a n c a'o brcucr". tpgotrer a". t~o ro oo- 
twoen them to c r :c.ce a sc ; e'ec ?*"p cred'jet :>:■ v- 
orec 3owi*\a'c;y 4 'om tre rip petweon tre re- s ' no 
term "no" s -sod hec r to re!o- *c tno genera! recicr 
a' >sh cr the ro s are cases' ;cce: r o' T ~e mo-ton meta 
'ray be pcureo frcm a ad e r*n a smaile' vessel or se- 
nes o' sma ler vessels 'rem wmr.n * flews tr rough a met- 
at do vo-y n277'c ocatcc aro.o the - p cc a s ro ti' r ec* 
:T nto ihe mp between the rcs-r. :-o fcm.ng a casiir-3 poo 
of molten metal supported or ire cast rg surfaces c ! the 
'cf!s mmediato ! y a cove- :."ie mo and e> tending along the 
.ength cf the r p. Tms cast.-ng pool is usually ccntmec 
between s do p are 5 creaks he.c in si c nq er.ga gement 
.v ir erd sc'aces of the ro !s so as to an trie two ercs 
of the casting pool agar.st outhow, althougn alternative 
means such as electromagnetic barr els have also been 
prepesec 

[0003] The setting up and adjustment cf me easting 
r olls in a twm ro ; : caster ,s a significant problem ^he 
rods must be accurately set to propeny define an appro- 
priate width for the nip, generally the craer of only a few 
millimetres, ind tnere must also be seme means ; o\ al- 
ow ; r:g a*, lea . t one of me r ons to move ijUward-y against 
a oiasing force to accommodate fluctuations in strip 
tnicKness particularly during start up p revicusly pro- 
posed arrangements have employed roll mounting and 
biasing means in which require relatrve sliding move- 
ment between separate components at several loca- 
tions, resulting in several sources of friction loading 
which interferes with accurate positioning of the rolls 
and accurate measurement cf the roll biasing forces 
The present invention provides a novel roll biasing sys- 
tem which minimises the sources of fhction during op- 
eration. 

SUMMARY OF THE INVENTION 

[0004] According to the invention there is provided ap- 
paratus for continuously casting metal strip comprising 
a pair of parallel casting rolls forming a n p between 
them; metal delrveny means to deliver molten meta into 
tne nip between the rolls to form a casting pool cf molten 
metal supported on casting roll surfaces immediately 
above the nip, pool confining means to confine the mol- 
ten metal in the casting pool against outflow from the 
ends of the nip. and roll drive means to drive the casting 
rolls in counter-rotational directions to produce a solid- 
ified strip of metal delivered downwardly from the nip, 



wneron ,-: ieast c~e y 're rashng -o.,s s mountec on 
a ca r s* moveable rcii ca r r ~'s at cr a <cw mat ore "on 
*c move bocvy tOAam anp a a ay 'rom :ro ctre* roll 
w^e: - n '^e-o -?.Cc r ?/ no! D a? un *- act ire pr e o~ 

ore : C ; ccca.y -a Aa'pvy :gai : "J "no etner ro... arc wncre • 

reac cr structure. compre = s«cr. spr rg means dC.rq 
■J between bp: ng Hbutn erts ;a me ir: ^st uaction btr^c- 
ture r.-J tne '.must trarsr- ss:on structure to oxen a 
t"rjst :r tno th-js* * r ar ss=cn st'jctu'O and the r o- 
sooot vo rc i c=iT 0' a ^ p .strcM means operas o to 
aciust tne elective cap bet.veen tne spnng abutments 
75 t^e re cy to ac t tre *rr^ st everted oy the spr rq moans 
[0005] Pre-orao'y tre an _„stment means is opera.n 
to move the mms! ro : ict cr structure lo a:te- its DDsit-on 
r c at .'C to 'r c- trrp^l "nrsr soon structure 
[0005] Preferably nether t.-e spr rg means is d s- 
peso u within a bar-ei and tne thrust trarsr^ ssion struc- 
ture and thrust ;eactor: sfuctures a: a mourned on cp- 
pes'to ends o' tne pa- ei 

[0007] Preferably funner. tne thrust-react. on means 
comer ses a ^pr rg abutment momoer s icap e in ore 
enc ct the barrel ana the adjustment means is operable 
to set tne position of tre spring aoutment member m that 
end of tne barrel 

[0008] Tne adjustment means may comprise a pow- 
ered mechanic?)! jack mounted cr said one end of the 

~-o barrel and operatively connected to the sliding reaction 
abutment. The jack may be a screw jack 
[0009] The tnrust transmission structure may com- 
prse a thrust fansmnsston spring aputment slidabiG in 
the other eno of the barrel. 

^5 [0010] The tnrust transmission structure may incorpo- 
rate a loadcelltomeasure the thrust transmitted through 
it to the roll earner. 

[0011] The connection of the thrust transmission 
structure to the roll carrier may be releasable. In that 
40 case, the thrust transmission structure may be fitted with 
a clamping means to clamp the thrust transmission 
structure to the roll carrier 

[001 2] The barrel may be moveable on a fixed support 
between an extended position to allow for connection of 
45 the thrust transmission structure to the roll carrier and a 
retracted position to enable the thrust transmission 
structure to be drawn away from the roll earner when 
disconnected 'rom it. 

[0013] The compression spring means may be a hei- 
so ical spring housed within the barre! 

[0014] There may be adjustable stop means to limit 
inward bodily movement of said one roll toward the oth- 
er 

[0015] The adjustable stop means may be disposed 
55 beneath the nip and between the roll earners to serve 
as a spacer stop for engagement with the roil earners to 
pre-set the minimum width of the nip between the rolls 
and adjustable in width to vary the minimum width of the 
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[001 6] me ro:l can -e'S may ccmpnse a pa r cl ro ■ ere 
suoooh structures for eacn of the revs c=socsec gener- 
al v cereath the encs c! the rescectrve 'oi ; Each pair cl 
'0; : ere sucport structures may eamy jcut? oeanrgs 
mounting ir.c 'esoect.vo re I enos !c rotation si: out a 
:ontrai c i a>.iS 

[0017] "ne adjustable stco '-cans may ccmchso a 
cair cl ad-LStcO a stoos J. sussed cne between each ct 
tno pans o* -oil end supports at the tvvc ores of the ro 
assembly 

[0016] "he oastrg rcl's unc 'cli car: or-:, may be 
mp.untec on a rc mccuie installed in and removable 
'rem the caster as a ^mt Ir that case tne thrcst trans- 
miss or structure cf each biasing unit, may he discon- 
neotable 'mm tne respect ve rcil carrier to enao e the 
module tc be 'amoved without removing or c smartling 
t.nc rcl! biasing ur ts 

[0019] in apparatus in accordance wtn tne mventicr 
oolh of the casting roiis may be biased oy respect vc 
oairs of biasing units. Alternatively one of the roils may 
oe restrained agarst lateral bodily movement and the 
other alkrwec to move laterally against either" soring bi- 
asing topees or biasing fc rce s in accorcarce with the in- 
vention 

nniEF description or the drawings 

[0020] In order that tne invention may Oe fuisy ex- 
plained one particular embodiment will oe described in 
some detail with reference to the accompanying draw- 
ings in wrvch 

Figure 1 is a vertical cross section through a strip 
caster constructed in accordance with the present 
invention. 

Figure 2 is an enlargement of part of Figure 1 illus- 
trating important components of the caster. 
Figure 3 is a longitudinal cress section through im- 
portant parts of the caster. 
Figure 4 is an end elevation of the caster; 
Figures 5, 6 and 7 show the caster in varying con- 
ditions during casting and during removal of the roll 
module from the caster. 

Figure 6 is a vertical cross-section through a roll bi- 
asing unit incorporating a ro I biasing spring; and 
Figure 9 is a vertical cross-section through a roll bi- 
asing unit incorporating a pressure fluid actuator 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0021] The illustrated caster comprises a main ma- 
chine frame 11 which stands up from the factory floor 
(not shown) and supports a casting roll module in the 
form of a cassette 13 which can be moved into an op 
eratrve position in the caster as a unit but can readily be 
removed when the rolls are to be replaced. Cassette 13 
carries a pair of parallel casting rolls 16 to which molten 



met a iS 5-OOi.eo c^nng a castmg oporat or tmm a rid.e 
<;rot sroAr > v a a t^ndisr 17 distnoutc r 1 c and de; . . cy 
rczz-e 19 to create a casting poO' 30 Casing rc s *6 
are water cooed so :nat sne^s sci'O-'y cm me r* ov r g 
5 rc surfaces ar.o are brought together at the n;p bet AC—r 
trc*" '0 produce a scudifico str;p procuct CO at f h c m " 

[0022] Castmg r j is 16 am conUa-rctatec h'c.c" 
dr ve shafts 41 *' -ori an e ectr c motor anc hansm ss o° 

J 0 mounted cr tne ra 'i machine frame The drive sra ; f 
can ce c sccrrected from the trarsm ssor when tre 
cassette is to pe 'emcvec Ro ; !s It- have soccer per,c- - 
era .vai's formed wth a senes of ionc=tuPinairy extend- 
ing arc circcrn'o'entialiy soaced water c : c nc passag- 

- 5 es supplied with cooling water through the rcl: ercs from 
water supoy ducts in the ro 1 dove shafts 41 whicn are 
conne:ted to /.ater supply hoses 42 'hrough rota"y 
glare? 43 "he roll may ypcaNy be ao:ut 500 mm c - 
amct-m and ^c to 2000 mm long in o'der tc produce st.npj 
product approximately the wen oi the ro s 
[0023] Trie iddie is of er t.re!y conventional construc- 
tion a: d -s supoortoc on a rotating tunet whence f cam 
be crcught into position ever the tundisn 17 to I'll the 
tunc sh T he turdish may be f tted with a sliding gate 

£5 valve 47 actuable oy a servo cylinder to allow mo. ten 
metal to flow from the tundish 17 through the valve 47 
and refractor/ shroud 45 into tne distributor IB. 
[0024] Tne distributor 16 ts also of conventional con- 
struction It is formed as a wide dish made of a refractory 

20 material such as magnesium oxide (MgO). Ore sice of 
the distributor 1 3 receives molten meta: from the tundisn 
17 and the other stde of the distributor 16 is provided 
with a senes of longitudinally spaced metal outlet open- 
ings 52. The lower part of the distnoutcr 16 carries 

35 mounting brackets 53 for mounting the distributor onto 
the main caster frame 11 when the cassette is installed 
in its operative position. 

[0025] Delivery nozzle 19 is formed as an elongate 
body made ot a refractory material such as alumina 

40 graphite Its lower part is tapered so as to converge in- 
wardly and downwardly so that it can project into the nip 
between casting rolls 16 Its upper part is formed with 
outwardly projecting side flanges 55 which locate on a 
mounting bracket 60 which forms part of the main frame 

45 11. 

[0026] Nozzle 19 may have a series of horizontally 
spaced generally vertically extending flow passages to 
produce a surtably low velocrty discharge of metai 
throughout the width of the rolls and to deliver the molten 

50 metal into the nip between the rolls without direct im- 
pingement on the roll surfaces at which initial solidifica- 
tion occurs Alternatively, the nozzle may have a single 
continuous slot outlet to deliver a low ve ! ocity curtain of 
molten metal directly into the nip between the rolls and/ 

55 or it may be immersed in the molten metal pool 

[0027] The pool is confined at the ends of the rolls by 
a pair of side closure plates 56 which are held against 
stepped ends 57 of the rolls when the roll cassette is in 
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*s operative CDs tic S-ae ccsuro jU'cg L-0 arc- -m-ce 
cf a strong 'efractery matenai *cexamp e reran mtrioe 
cinrj have sea Icced sde cages to march me cmcature 
of me steep -d e**ds of the ro 1 s T~e s:d«; r.:a:os ca-- he 
mo^-Cec - oiate ncmem = 2 .v-i/ are r- : -:e cv -m- 
taat on o' a -a - of -yrraui.e cymnor . m 53 to ca: 

aide a at as ;r-m c r ~ ^orc r : v. mm- ; *c-rooc • 

l! rc r 'd r C:-s to fern ere - csl'0 3 for :aj tic am 1 
000 i a- r*ie:ai -cmec on the easting 'oils ca^aacail-a 
000 rat cr 

[0028J Luring a casing cce-^tion toe shdng q<-to 

me tuna sh * / :o :ro a-sh c ^tor 1 b d u mrcucr tne mete: 
oel.ve-y oo/z e 1 9 whence 1! flows cr:o me cast re. ro s 
Tne read end of the s:no crocuct 20 s rj j cot by act j- 
aT«:n of ar aorcr *a:ie 96 to a cmen rc I aro rnerco tr 
■1 :.o mc station iro' sro/,r i Apron 'able ^5 Tangs frcm 
puot mo j -tings 97 c a the ma r frame an 1 can :-o Gwjnc 
toward me omen ro; my actuation cf an ryemuie cv : indar 
ma: rot miown) aha: the can" heac ana nas beer 

[0029] The r ernov.itle ro-i cassette 13 .5 20- struetec 
so that the castirg roils 1b can be set up ana me me 
cat ween them adjusted before the ca sse*te s irsta \cc 
n posit on in tne caster. Moreover when the cassette s 
installed two pairs or roll biasing units 110. 1 ' 1 mounted 
on the main machine frame 1 1 can be rapicly connected 
to mil supports on the cassette to provtoe biasing forces 
resisting separation of the rolls 

[0030] Roll cassette 1 3 comprises a large frame 1C2 
which carries the roils 16 and upper part 103 of the re- 
fractory enclosure for enclosing the cast c'np below the 
nio. Rolls 16 are Ttcunted on ror sudcx 'to which 
caay roil eno bearings (not shown) by which the rolls 
are mounted for rotation about their long.tudmai axis in 
parallel relationship with one another The two pairs of 
roll supports 104 are mounted on the roll cassette frame 
102 by means of linear bearings 106 whereby they can 
slide laterally of the cassette frame to provide for bodily 
movement of the rolls Toward and away from one anoth- 
er thus permrtting separation and closing movement be- 
tween the two parallel rolls 

[0031] Roll cassette frame 102 also carries two ad- 
justable stop means 107 disposed beneath the rolls 
about a central vertical plane between the rolls and lo- 
cated between the two pairs of roll suppc rts 1 04 so as 
to serve as stops limiting inward movement of the two 
roll supports thereby to define the minimum width of the 
nip between the rolls. As explained below the roll biasing 
units 110 111 are actuable to move the roll supports in- 
wardly against these central adjustable stop means but 
to permrt outward springing movement of one of the rolls 
against preset biasing forces 

[0032] Each adjustable stop means 1 07 13 in the form 
of a worm or screw driven jack having a body 108 fixed 
relative to the central vertical plane of the caster and two 
ends 109 which can be moved on actuation of the jack 
equally in opposite directions to permrt expansion and 



.c cr me ,ac-. to hz u st me »\ at" ;i me " c 
mamta r irm equidistance scac rq of me ro s "cx^ tre 
centra' vemca. olane of the caste- 

[0033] Tne aas'er is pmv de ; wCr two cam rf -a r . 

as- g ..n ts : ' 0 1 ■ 1 cm^ectec cr--- : - n - ;^ ^ccaa 

ancc *iin mo oasca everre n meso .m a mc ; tte-j 
w.'.h no! ca' o,asiny spnngs m 2 :o p rovds- 0 a-- rg 4 ,y ces 
cn tr 0 resoectN'e oil s-oooas JC4 whereas mo piasrg 
umts 111 r.t tre c'ner see of *-e rvscrane aapcaio 
rydmj c act -ate r 5 1 1 3 're ce*i - :: const* - :*. cn m m 
a .<-i sing ir is it C mi is : -st'itec r -icures 3 an-: 9 
I he amangemert is S-ch as to pmvme twe separate 
rrioccs o' oceratcn In tre first mode the b - ; ? -m jni:s 
1*1 are ockcg to ncio *aa resr ectrve m 1 supports 1 04 
c 4 ere -oil * -miy agnmst tre centra: steps and tne ctnra 
r c I :g free to move latora y agr rst *nc action of tre h - 
as cpr-rcs 1 1 ? o' t-a jn.ts " 1 0 'hir mcco o* oner p.- 
- : t:on uses acoaramc .r a::mdancc wen tre 0 resent r- 
vont on In the alternative node of oper-t.on :.no piaSir^g 
units * 1 0 are locked to ho'd the -especf ve supports :G4 
cf tre other rol ',-mly against the central stops anc the 
hydra j .c actuators m 3 cf tre cms r 3 units ' 1 1 are op- 
erateci to provide servo-contrcl.ee nyd*auhc biasing o f 
the respective rol. For normal :astrg it s possible to 
use simple spring biasmg but fo' higb productiv ty cast- 
ing metres per minute and at ove) .1 is nost cesiraole 
to have servomontro'led oiasing forces 
30 [0034] The detailed construction of biasing un.ts 110 
is illustrated in Figure 3 As shown in that v <gure, the bi- 
asing unit con. prises a srnng bar-el hojs.ng 114 dis- 
pasno within an outer housing 1 15 which is fkud to the 
main caster frame 116 by *ixmg oolts 117 
^5 [0035] Spring housing 114 is formed with a piston 118 
which runs within the outer housng 1 1 5. Spring housing 
114 can be set alternatively in an extended position as 
illustrated in Ftgure 3 and a retracted position by flow of 
hydrau'ic fluid to and from the cylinder 113. The outer 
40 end of spring housing 1 1 4 carries a screw jack 1 1 9 op- 
erated by a geared motor 120 operable to set the posi- 
tion of a spring reaction plunger 121 connected to the 
screw jack by a rod 1 30 

[0036] The inner end of the spring 1 1 2 acts on a thrust 
45 transmission structure 1 22 which is connected to the re- 
spective roll support 104 through a load cell 125. The 
thrust structure is initially pulled into firm engagement 
with the roll support by a connector 124 which can be 
extended by operation of a hydraulic cylinder 123 when 
so the biasing unit 's to be disconnected. 

[0037] When biasing unit 110 .s connected to its re- 
spective roll support 1 C4 with the spring housing 1 1 4 set 
in its extended condition as shown m Figure 8 the posi- 
tion of the spring housing and screw jack is fixed relative 
5 ^ to the machine frame and the position of the spring re- 
action plunger 121 can be set to adjust effective gap be- 
tween the spring abutments or the reaction plunger and 
the thrust transmission structure 122. The compression 
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of tre senne 1 ' 2 can tnereby oe ac; Lsted to va'y the 
tnrustmg to-ce acp^eo !c :ne thrust :ransmiss on struc- 
ture 122 ax :ne respect ve roil succor: '04 With tr s 
arrar qement t^e cr y f e a: ve movement during casting 
^ror^! cr 13 the mcemoni cf tie m report 10- arc 5 
mruster st-uetun: 1 22 as ^ unit agar si the e asme 
sp'mg Accc^nq.. T3 ?:-"i'3 nna tnc ioiia cci! .voSuC- 
octeo tc pmy on.; source c* friction lead anc .no Icac 
actually apo ed to the roi suppo r t can oa ve r y acccate- 
> measured oy the icaccel ^ooover, s nee the biasing — 
J n it ac*s to das tre rcl! supper 1 C-4 irwaid y against the 
step ■: can co adjusted to pre oad the rcil supper ,v tr a 
-equired spr r g P asmgferce before metal actja : y pass- 
es between ire casting ro Is and tnat biasing ro-'ca w. 
ce maintained :Ju.-:rg a sucsequent cast ng operation ?5 
[0038] ~he detailed construction of biasing ur ts m 
3 llustrated m "igure 9 As shewn in that figure the hy- 
draulic act j.ator 1" 3 is to-nod oy an outer housing struc ■ 
turc 1 31 * xcd : ::• tne machine frame by fi> ing studs " 32 
ana an mrc orton structure 133 whicn Iqt.s pan: of a ^ 
'..muster souciuie 134 which acts on the respective ro 
sue do ft 1 C4 th-ough a local celi 1 37. The thruster struc- 
ture is initially puled mtc firm engagement w th the roi< 
support by a connecter 1 35 whicn can be extended c / 
actuation of a hydraulic piston and cyhnder unit 136 
when the thruster structure is to be disconnected from 
tne roll support Hvdrauiic actuator : 1 3 can be actuated 
to move the tn raster structure 134. between e Sendee 
anc retracted conditions and when in the extended con 
dition to apply a tnrust which is transmitted directly tc 30 
the roll support bearing 104 through the load cell 137 
As r the case cf 'he spring biasing un is 110 'he cny 
movement wr:ich cccts duany casting is ' n e movement 
of the roll support and the thruster structure as a unit 
relative to the remainder of the biasing unit. Accordingly, 35 
the hydraulic actuator and the load cell need only act 
against one source of friction load and the biasing force 
applied by the unit can be very accurately controlled and 
measured As in the case of the spring loaded biasing 
units, the direct inward biasing of the roll supports <*o 
against the fixed stop enables preloading cf the roll sup- 
ports with accurately measured biasing forces before 
casting commences. 

[0039] Fcr normal casting the biasing units 111 may 
be locked to hold the respective roll supports firmly -*s 
against the central stops simply by applying high pres- 
sure fluid to the actuators 113 and the springs 11 2 of the 
biasing units 110 may provide the necessary biasing 
forces on one of the rolls. Alternatively if the biasing 
units 1 1 1 are to be used to provide servo-controlled bi- so 
asmg forces the units 110 are locked up by adjusting 
the positions of the spring reaction plungers 121 to in- 
crease the spring forces to a level well in excess of the 
roll biasing forces required for normal casting The 
springs then hold the respective roll carriers firmly 55 
against the centra! stops dunng normal casting but pro- 
vide emergency release of the roll if excessive roll sep- 
aration forces occur 




191 A2 3 

[0040J f-ioi! cassette r-ame VJ2 :s suppo'tec on ice 
wneeis "4" wnereby »t can ce moves tc tr rq .: irtoard 
cut c ooerat ve cos tier Aiimn the caster Cn reach no 
operative ocsition the whole 'ra^e is I "ed oy ocer- 
a:;on c a ncist 143 comprising r yd raj c cy-mcer jmts 
-44 anc then c ameea cy creation of rcu?ema. ry- 
cm^ c cy ncc ^n;is 4- ^"coc, -I s * 'm:y c am coo n 
■:s coed ve pc sit ion As tre cassette ir ame <s -aised oy 
operation cl tne ro.st '43 a central centering o r. pro- 
vides accurate longitudinal loeaticr of the cassette 
frame Tne opera: on o* the r on/ on tai ev ince' units 1 45 
camps tre cassette -name gars'. t*xed steps * ~o on 
me mam mac.h ne frame whereoy it :s accurately coated 
late-a ly cf l r f r^i.ers suc~ tnat the ac ustab e steo 
means 07 are p'cpehy located cr tne centra veiicai 
plane cl tre caster Tn;s ensures that the ro Is are acci.- 
rate : y set at eau»l spacing '-om tne centra plane and 
that the del vc--/ no7?:c 1 9 s also accurate.y pos t cned 
nencatn the ost'outor 15 on *rc mam macn.no frame 
11. 

[0041] Tne il us- rated caster has been aovancec oy 
way of example only ard t coed oa modified consider- 
ably Fcr examp;e it would oe pcssibie to provide roll 
biasing on ts r corpcrati.ng cotn springs and hydraulic 
actuators However the separation of the two kincs of 
actuation is preferred for simplicity o f construction arid 
flexibility of operation, it is a<so not essential to the 
present invention tnat the rolls and stops be mounted 
cn a removable module or cassette and they could be 
mounted directly cn the main machine frame. Moreover 
the central adjustable stop means js rot essential to the 
present invention and it would be possible to use stops 
In the biasing units themselves or at some other loca- 
tion. Further, rt ;s not essential to the present invention 
to provice hydraulic biasing means or to provide biasing 
means for both rolls. It would be feasible in accordance 
with the present invention to fix one of the rolls by any 
means and to bias the other roll by apparatus in accord- 
ance with the invention 

[0042] It is acco r dingly to be understood that the in- 
vention is in no way limited to the constructional details 
of the illustrated caster and that many modifications and 
variations will fall within its spirit and scope. 

Claims 

1 . Apparatus for continuously casting metal strip com- 
posing a pair of parallel casting rolls (16) forming a 
nip between them; metal delivery means (17, 18, 
1 9) to deliver molten metal into the nip between the 
rolls to form a casting pool (30) of molten metal sup- 
ported on casting roll surfaces immediately above 
the nip: pool confining means (56) to confine the 
molten metal in the casting pool (30) against outflow 
from the ends of the nip; and roll drive means (41 ) 
to drive tne casting rolls in counter-rotational direc- 
tions to produce a solidified strip of metal delivered 
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dcwmva'dly from ;r§ nip. rm^racter sec n that cat 
least cne o' the casting 'olis (16'. is mounted on a 
pair cf Tcver.d e -pi. earners i 1 04) wn ch a icw that 
one ro = #15) Ic ~^ove bodily towarc arc 2 way \r 
tne ether mi i 15.. there s a ca r of 'pi c as re c~ ig 
( 1 * 0; acting zrc en cacn ct the pair cf mcveab c rc 
^ rr !c: MCf: t: bias = a c one m" ^c 1 zz-:i:\ y .r ■ 
tcwa-c :ne ctne- ro i ,"6;, a^-d cacr roii bi- 
asing jci: ;*10) comprises a tnrust trarsmiS^cn 
structure 122) connected to ha -espective f ci! car- 
rier i"lC4) a thr-s* reactor structure "!2"l com- 
eression spring means 1 1 1 2) acting cetween spr "c 
acutrrerts cn tre !hnu3t reaction structure '.'2': 
and the thrust trarsmsston structure { 1 22 i to e> ert 
a trrjst on tne thrust transmission strur.jre [122) 
and the respective roll carrier (104). and adjustment 
means (119) cperaoie toad;tst the etfectve gap ne- 
tweon the spring abutrrents there o> to adjjst me 
thrcst cxehed by '.he spang means (112) 

Apparatus as darned in claim 1 . further cnaraciDr- 
:sod n mat tne adjustment means (1 1 9) is ooeraLle 
to move tne thrust reaction structure (121) to alter 
its position re'ative to the thrust tnansmissi m struc- 
ture (122) 

Apparatus as claimed in claim 1 or claim 2, further 
characterised -r that the sprnq means (^2) is dis- 
posed witnm a oarref (114) and the thnjst transmis- 
sion structure and thrust reaction structures are 
mounted on opposite ends of the barrel (114) 



y. rocaratus as claims a r c aim c '^.ntner m.-'actc 
isec ;n mat the thrust transmiss cr struct -j-e is * tie- 
wim a c^rrp rgrreais 1 23 1 24) todarrp the thrus 
transmission struct _ r e ( " 22 > to *r e mi came- i 1C4 

10. Ac carat ^s s c a mo a ,n c:a,m 2 c ca.rn 2 ferine 
cra.nietem.od ,n mat tre barm ; 1 1 4 c mcveac •_ 
cm a fixed supper ■ r 5 ; cot we on an extended cc 
sr. ion to allow for connection o' the thrust transm = 
'0 sion structure ;"22) to tre ro I earner 04' and c 

redacted position tc eracle me thrust t'ansmiss 
strict - '9 ( " 22; tc be d'awn away f.'C" me rc : i ea- 
rier Ahen disconnected from it 

?5 11. Apparatus bs claimed r. any one ct ciaims 2 Ic 10 
■uhner character see m that the ccmpress on spr r - 
mears (1"2) is a nelca. sohng roused within the 
bar -el 

— 12. Ac oara t us as claimed :n any one cf claims 1 to 1 1 
further characterised n that there is ac.ustaoie s:ou 
means (107) to . m t inward bodily movement of sa:u 
cne 'oil ;16) toward the other 

^ 13. Apparatus as claimed >n claim 12. 'urlher charac- 
terised in that the adjustable stop means ( 1 07) is 
cisposed beneath the nip and between the roll car- 
riers (1C4) to serve as a spacer step for engage- 
ment witn the roll carriers to preset tne minimum 

so width of the mp between the rolls and adjustable in 

width to vary the minimum width of the nip 



Apparatus as da med in ;!am 3, wherein tne '..-..as: 
reaction means (121) comprises a spring aoutment 
member slidable in one end of the barrel and the ^5 
adjustment means (119) is operable to set the po- 
sition of the spring abutment member in that end ct 
the barrel. 

Apparatus as claimed in claim 4, further character- 40 
ised in that the adjustment means (119) comprises 
a powered mechanical jack mounted on said one 
end of the barrel (114) and operatively connected 
to the sliding reaction abutment (121 ) 

45 

Apparatus as claimed in claim 5. further character- 
ised in that the jack (119) is a screw jack. 

Apparatus as claimed in any one of claims 4 to 6, 
further characterised in that the thrust transmission so 
structure (122; comprises a thrust transmission 
spring abutment slidable in the other end of the bar- 
rel (114) 

Apparatus as claimed in any one of claims 3 to 7, ss 
further characterised in that the connection of the 
thrust transmission structure (122) to the roll carrier 
(104) is releasable 



14. Auoaratus as claimed in claim 13, further charac- 
terised in that the roll carriers (104) comprise a pa;r 
of roll end support structures for each of the rolls 
disposed generally beneath the ends of the respec- 
tive roll. 

15. Apparatus as claimed in claim 14. further charac- 
terised in that each pair of roll end support struc- 
tures carries journal bearings mounting the respec- 
tive roll ends for rotation about a central roll axis 

16. Apparatus as claimed in claim 14 or claim 15, fur- 
ther characterised in that the adjustable stop means 
(107) comprises a pair of adjustable stops disposed 
one between each of the pairs of roll end supports 
at the two ends of the roll assembly. 

17. Apparatus as claimed in any one cf claims 1 to 16 
further characterised in that the casting rolls (16) 
and roll carriers (104) are mounted on a roll module 
(13) installed in and removable from the caster as 
a unit and the thrust transmission structure (1 22) of 
each biasing unit is disconnectablc from the respec- 
tive roll carrier to enable the module to be removed 
without removing or dismantling the roll biasing 
unrts(HO). 
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